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INTRODUCTION
Inferences about how natural systems operate under existing and future conditions are dependent on rigorous and replicated experiments, not observations alone. One way to conduct such experiments is through the use of mesocosms, which are designed to mimic key features of natural systems with the goal of bridging the gap between laboratory and whole ecosystem studies (Odum, 1984) . However, the utility of mesocosms in ecological research has been a topic of considerable debate over the past several decades. In part, this debate has centered on how well mesocosms represent natural systems, to what degree results from mesocosm studies should be used to make inferences about natural systems, and the overall role that mesocosms should play in understanding natural systems and ecological processes from the level of population to ecosystem (Carpenter, 1996; Schindler, 1998; Carpenter, 1999; Drenner and Mazumder, 1999) .
Mesocosms are valuable because they allow researchers to isolate treatment effects by controlling important abiotic and biotic variables. Because of this, mesocosms can be used to study different parts (e.g., populations or communities) of an ecosystem simultaneously (Odum, 1984 ). Compared to whole ecosystem level studies, mesocosms are also relatively easy and inexpensive to set up and operate. Furthermore, mesocosms offer the potential to rigorously replicate experimental treatments (Drenner and Mazumder, 1999; Huston, 1999) . In sum, mesocosms offer opportunities, flexibility, and experimental control, which in many cases cannot be achieved when working in whole ecosystems.
In contrast, mesocosms have been criticized because they lack environmental realism and are usually conducted at temporal and spatial time scales that do not allow for the incorporation of important ecological processes (e.g., mixing, benthic-pelagic coupling, dispersal, succession). For example, mesocosms often exclude lake sediments and large/top predators even though these factors can strongly influence water column processes and/or biological communities. Inter-mesocosm variability can also be high making it difficult to identify treatment effects even when there is rigorous replication (Kraufvelin, 1999) . Furthermore, mesocosms have high surface area to volume (SA:V) ratios and can be overly influenced by biological and chemical processes that occur on their walls (e.g., wall effects) (Carpenter, 1996 (Carpenter, , 1999 Schindler, 1998; Petersen et al., 1999) . For these reasons, it has been argued that mesocosms are oversimplified and not representative of natural systems. Regardless of whether scientists agree with the merits of using mesocosms to study and understand ecological processes, the results of these studies have commonly been used in ecological (Ives et al., 1996) , evolutionary (Spitze et al., 1991) , and toxicological (Caquet et al., 2000) research. Therefore, it is important to understand how abiotic and biotic conditions vary between mesocosms and the habitats in which they are designed to represent. This is particularly important in lentic ecosystems where mesocosms are often placed in situ (e.g., bag and/or limnocorral experiments). We deployed mesocosms that were isolated from lake sediment and lacked vertebrate predators into two lakes over a roughly 6 week period to determine if their abiotic and biotic characteristics were representative of the respective lakes. A better understanding of how mesocosms such as ours differ from the habitats in which they are deployed and designed to mimic, will help identify potential limitation and determine how to better design and interpret mesocosm studies.
METHODS

Mesocosms
We constructed thirty-two mesocosms (0.7 m diameter and 2.0 m length) out of polyethylene plastic and deployed them in lakes near the Hydrobiological Station, Mikołajki, Poland. We placed half of the mesocoms in Lake Majcz and half in Lake Jorzec. The lakes were chosen based on their differences in trophic state (Lake Majcz, mesotrophic; Lake Jorzec, eutrophic), proximity to the Hydrobiological Station, and accessability (Rzepecki, 2010) . The mesocosms were suspended at the surface of each lake using styrofoam floatation collars so that they were closed on the bottom and isolated from the sediments, but open to the atmosphere at the top. We filled each mesocosm with roughly 750 L of unfiltered lake water using a gas operated pump. We allowed the mesocosms to equilibrate for approximately three weeks before we sampled them at roughly two-week intervals over a two-month period. We also collected a single water sample for the parameters described below from each lake, on each sampling date at the same depths that were sampled within the mesocosms. These lake data were used to assess differences between the mesocosms and respective lakes (see section Data analysis below).
Water chemistry
We measured temperature and oxygen from two depths in each mesocosm (the middle and 0.5 m from the bottom; the two measurements were averaged for each sampling date) using a WTW Multi 3410 Multiprobe Meter with optical sensor FDO925. We also measured conductivity from these depths using a Vario Cond TetraCon V and pH of water (PH+25). pH was not measured on the final sampling dates because of a malfunction with the probe.
We collected water samples from the center of each mesocosm using a 5 L Limnos sampler. We used these samples for the analysis of nutrients, algal pigments, nanoflagellates and ciliates (described below). For nutrients, we measured total phosphorus (TP), total Kjeldahl nitrogen (TKN), ammonia nitrogen (NH 4 -N), and phosphate (PO 4 -P) according to APHA (2005) .
Algal pigments
Water samples were filtered through Whatman GF/F (0.7 µm, 4.0 cm diameter) filters and immediately frozen for analysis of major algal pigments using High Performance Liquid Chromatography (HPLC). Algal pigments were extracted ultrasonically (2 min at 10W, Omni-Ruptor 250) in 3 mL of methanol and analyzed using a Shimadzu HPLC System that was equipped with a UV-VIS and fluorescence detector on a Waters Spherisorb C 18 ODS2 column. The pigments were identified by comparison of their retention times and absorption spectra with standards (DHI LAB products) and using data from Jeffrey et al. (1997) . Calibration curves were made using external standards.
Nanoflagellates and ciliates
We fixed water samples with 37% formaldehyde (final concentration 2%) for determinations of nanoflagellate abundances. Samples (10 mL) were stained with DAPI (final concentration 1 µg mL -1 ; Porter and Feig, 1980) , filtered through Millipore 1.2 μm pore-size polycarbonate membrane filters, and enumerated by epifluorescence microscopy (Nikon Optiphot 2). We also fixed triplicate water samples with Lugol's solution for determination of ciliate abundances. The samples were decanted to 5-20 mL and examined with light microscopy (Nikon Optiphot 2) and measurements of ciliates were determined from living material in samples.
Crustaceans
We collected crustacean zooplankton from two depths in each mesocosm (0.5 m below the water surface and 0.5 m above the bottom of each mesocosm) using a 5 L Limnos sampler. We filtered samples through a 100-µm zooplankton net (10 L total) and preserved animals with sugar-buffered formalin. We identified cladocerans and copepods to species when possible.
Data analysis
We used t-tests to compare the water chemistry and biological parameters in the mesocosms and the respective lakes. When necessary, we log 10 transformed our data N o n -c o m m e r c i a l u s e o n l y to help meet the assumptions of normality and equal variance. The average values from each of the four sample dates from the mesocosms and the four lake samples (one from each date) were used as replicates in these analyses.
RESULTS
Water chemistry
In general, the water chemistry in the mesocosms was similar to the water chemistry measured in the respective lakes ( Figs. 1 and 2) . Temperature, dissolved oxygen, pH, and nutrients (both dissolved and total forms) did not differ between the mesocosms and the respective lakes (P>0.1). In the mesotrophic system (Lake Majcz) conductivity was significantly higher in the mesocosms than it was in the lake (P<0.001), but this was not the case for the eutrophic (Jorzec) Lake.
Algal pigments
The concentrations of algal pigments were significantly lower in the mesocosms than they were in the respective lakes (Fig. 3) . Specifically, Cryptophyta (P=0.013) and Bacillariophyta (P=0.019) were significantly lower in the mesotrophic mesocosms and Chlorophyceae (P<0.001), Crypotphyta (P=0.002), Bacillariophyta (P<0.001), and Dinophyta (P<0.001) were significantly lower in the eutrophic mesocosms (Fig. 3) .
Nanoflagellates and ciliates
In the eutrophic system (Lake Jorzec), the abundances of ciliates (P=0.007) and nanoflagellates (P=0.05) were significantly lower in the mesocosms than they were in the lake. However, in the mesotrophic system (Lake Majcz), ciliates did not differ between the mesocosms and the lake (P>0.05), while nanoflagellates were only marginally lower (P=0.06) in the mesocosms than the lake (Fig. 4) .
Crustaceans
Although copepod abundances did not differ between the mesocosms and the respective lakes (P>0.05 for both lakes), the abundance of cladocerans and nauplii were significantly lower in the mesocosms (P<0.05; Fig. 5 ). The composition of cladocerans also differed between the mesocosms and respective lakes. Daphnia accounted for a greater percentage of the total abundance of cladocerans in each lake compared to the mesocosms (P=0.036 for the mesotrophic lake and P<0.001 for the eutrophic lake; Tabs. 1 and 2). Several littoral taxa also increased in abundance in the mesocosms. In the eutrophic lake, Chydorus sp. accounted for a greater percentage of the total abundance in the mesocosms than it did in the lake (P=0.42; Tab. 2). Several taxa including Alonella sp. (3%), Scapholeberis sp. (13%), and Polyphemus sp. (5%) in the eutrophic lake, and Alona affinis (4%), and Sida sp. (2%) in the mesotrophic lake were present in the mesocosms but not detected in any of the corresponding lake samples (Tab. 3).
DISCUSSION
Some scientists criticize mesocosms because they lack environmental realism and do not accurately represent in situ conditions. We tested this notion by comparing the general water chemistry and biological organisms in mesocosms that were deployed in two lakes of varying trophic state. With respect to water chemistry, we found that the mesocosms were relatively similar to the respective lakes (Figs. 1 to 5) . These results are somewhat surprising considering that previous studies have shown that nutrient concentrations decline in mesocosms due to sedimentation and/or uptake by attached algae or periphyton on the mesocosm walls (Bloesch et al., 1988) . For example, using indoor aquatic mesocosms, Lennon et al. (2003) achieved relatively constant nitrogen and phosphorus concentrations throughout a six-week experiment by replenishing nutrients assuming a daily 5% loss rate. However, mixing rates may be higher in mesocosms that are suspended in situ compared to land-based mesocosms, which may help to re-suspend nutrients and keep them from settling out of the water column. It is also important to note that the absence of sediments in our mesocosms did not influence nutrient concentrations (Fig. 2) despite the fact that several processes occurring at the sediment-water interface (e.g., the internal recycling of nutrients back into the water column under anoxic conditions) can alter nutrients in the water column (Søndergaard et al., 2001) .
In contrast to water chemistry, most of the biological variables were lower in the mesocosms than they were in the respective lakes (Figs. 3 to 5) . These results are consistent with a previous 1-month mesocosm study in a humic Polish lake (Jasser and Kostrzewska-Szlakowska, 2012) . In that study with larger mesocosms (0.75 m diameter, 4.5 m depth) that similarly lacked sediment and predators, the concentrations of algae, ciliates, crustacean zooplankton, and rotifers were all lower in the mesocosms than they were in the surrounding lake. In contrast to the results from the current study, Jasser and KostrzewskaSzlakowska (2012) also found that nanoflagellates, autotrophic picoplankton, and bacteria were generally more abundant in the mesocosms than they were in the surrounding lake. Similarly, Bloesch et al. (1988) reported that phytoplankton and zooplankton were lower in large lake enclosures than they were in the surrounding lake and that there was a shift from nanoplankton to net-plankton within the phytoplankton community. Bloesch et al. (1998) attributed these differences between mesocosms and the lake to reductions in water movement in the mesocosms, increases in sedimentation rates of particulate car- In addition to a reduction in plankton abundance, we also documented shifts in the composition of zooplankton communities in the mesocosms (Tabs. 1 and 2). These differences were consistent for mesocosms in both lakes and were likely related to several factors. First, mesocosms have a higher surface area to volume ratio (SA:V) than lakes which can lead to wall effects where organisms that favor edge habitats increase in biomass (Chen et al., 1997;  Tab. 1. Relative abundances of zooplankton (% of total abundance) in the mesotrophic lake and the mesocosms. Only taxa that represented at least 2% of the total abundance are shown. P-values determined from t-tests. o n l y Petersen et al., 1999) . Although not directly quantified, a visual inspection of the mesocosms in both lakes suggested that there was considerable growth of attached algae or periphyton on the side walls. The development of periphyton may have favored littoral zooplankton such as Chydorus that can consume both water column and attached algae (Balcer et al., 1984; Fryer, 199; Smith, 2001) . Second, the absence of sediments in the mesocosms may have influenced zooplankton because sediments contain resting eggs that can hatch and maintain the diversity of pelagic zooplankton assemblages (Caceres and Schwalbach, 2001) . Sediments can also indirectly influence zooplankton through the release of meroplankton (algal cells found at the sediment/water interface; Schelske et al., 1995) that can serve as a food resource for zooplankton. Finally, both invertebrate and vertebrate predators strongly influence zooplankton (Brooks and Dodson, 1965) . Despite this, predators are often excluded from mesocosm studies in part because they exert unrealistically high predation rates (especially vertebrate predators) and/or their abundances are hard to control and manipulate (especially invertebrate predators) (AR Dzialowski, personal observation). Because the goal of the current study was not to tease these mechanisms apart, additional experiments are needed that directly manipulate their (i.e., wall periphyton, sediment, and predators) presence and absence to better understand how they contribute to the divergence of biological communities in mesocosms compared to in situ conditions. A final consideration with respect to the observed differences in the biological communities between the mesocosms and the respective lakes is the temporal scale at which the mesocosms were filled and sampled. Mesocosms exhibit a lifespan during which communities diverge from their starting conditions. We allowed our mesocosms to equilibrate for ~3 weeks before we collected our first sample. While we feel that an equilibration period is important for mesocosms, 3 weeks may have been too long. For example, if the high SA:V of the mesocosms and associated increases in periphyton favors a shift to littoral zooplankton in the mesocosms, then sampling should be conducted before periphyton growth begins to develop/establish. A better understanding of the temporal dynamics and the rate at which biological communities change in mesocosms relative to in situ conditions will help to determine when mesocosms should be sampled and how long mesocosm experiments should be conducted.
CONCLUSIONS
Our study highlights differences that can occur between mesocosms and the in situ conditions that they are designed to represent. While the basic water chemistry was relatively similar between the mesocosms and the respective lakes, the abundances and community structure of most planktonic organisms were different. In light of these differences we have identified several areas of research that will help to better understand how the design (e.g., isolation from lake sediments and lack of predators) and sampling schedule (e.g., temporal changes in biological communities in mesocosms) of mesocosms affect their ability to represent natural conditions. Such information should be very insightful for the development, design, and interpretation of future mesocosm studies.
Nonetheless, we believe that mesocosms are an important tool for developing and testing general ecological hypotheses that cannot be achieved using other approaches alone. 
